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i. TIMIMDUCTICH

In a search for stronger alloys, several aircraft co.anies turned
to 202E. and 201L. Both have an ultimate ttre•gth of nearly 70,000 psi and
are similar in that both depend main'y on copper for their strength. North
American Aviation (Ref. 1) chose 2=2- for their large Navaho tanks, whereas
.i-ri.-u selected *_Th for Titan tk of about the same size, The 2031 is
consw cred to be sauEwhat less crack sensitive so it was chosen of the t-o
for our investigation.

After the above-named alloys were adopted, Alcoa was approached by
an aerospace industry grouw, with the request that Alcoa develop a weldable
high-strength alurin=m alloy (Reef. 2 and Ref. 3). The result was their 2219
alloy w-hich indeed does have w--eldability approaching that of 6061 along with
a tensile strength, 62,02)0 psi, approaching 201h. Boeing is using it on
their -orarc tanks, (P.ef. W) and our Yetallurw- 3rou.p !ans to investigate
it in a continuation of this =rogrz.

Both 20M.) and-4 2021., it shouLd be noted, are generally classed as
not weldable (other than by- resistance wellding). To veld then requires re-
l-ned techmicues and close control of variables. Oastc=ardly, these alloys,
when fusion welded, are used in the as-welded condition and, in recognition
that the joint will be about half as strong as the parent metal, the design-
ers arrange to have the joint about tuice as thick as the- parent metal. This
is custoarily done by thinning most of the surface of the tank skins or seg-
rerts before weldimg so that only a band of original thickness material about
t;a incnhes renains alon~side each joint to be welded. The removal of rate-
raal to prodiuce the large thin regions is done by mechanical milling or by
chEm-niling (a patented ch-emzical etchi- process).

2011 has a high susceptibility to stress corrosion cracking and has
only a fairly good general corrosion resistance crznared to 6061. Therefore
the use of a!-•ad 201L Is often required. in ttI-e performance of 2t)L] welds,
the main -roblens are inconsistent ductility -=i strength and occurrence of
fine porosity. .Hachinex-made welds are reasonably free of cracking trouble,
but, manu l -Ids, especally repair welds, present a serious cracking problem.

This report will describe the investigation of the welding of 20Mh
alloy. The objectives were to get at least sume tentative answers to the
problems noted above and to deterine tynical prooerties obtainable throungh
several combinations of preweld a1A post-wA!d heat treatments.

I___________________________
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A principal ob•ective, for examle, was to sturI the w~ed-then-age
sequence since this had proved so very successful at Bell on 6061-Tb, allowing
nearly full base metal strength to be realized in 6061-Th joints shich were
only aged after welding, eliminating the often-difficult step of solution heat
treai.

The veldiug reported here was done by tbe inert-gas-shielded tungsten
arc process (Heliarc), principally with mechanical equipment, although some
hand weldizg was done. The mater•ial was 1/8 inch 201h Alclad sheet.
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II. COM LUSi"

No problems were experienced in making sound welds in 20Ml alloy
plates under laboratory, conditions. Production and repair difficulties cm!
be exected but these can be evaluated only on sa•les which would simulate
nanufacturing conditions.

The poor veldability of 23 1 as cc=-,red to 6061 is attributed
largely to its wide relting range of 230 F versus 105 F for 6061. Mhe
effect is to delay solidification of the base metal at the edge of the weld.
"bWile it is in this partial!y-nelted condition, it has low strength and duc-
tility ad is subject to cracking fron shrinkage stresses.

Hardness surveys across the joints were very usef•l in determining
the relative strengths of the weld and the heat-affected zones ix the base
retal.

Stress corrosion" tests show-ed that joints aged after welding
cracked in 160 hours in a moist salt atmosohere. Joints in the as-welded
coadition did not crack during wne 291-hour test. There are strong indi-
cations that fusion welded 201h should be used only in the as-&elded condi-
tion.

All joints failed in the weld metal in both tensile and bend
tests. This was not attributable to ar. specific fault other than that the
weld -was si.ply too soft for the alloy being joined. On fully heat-treated
joints, the weld hardened to vhere it aporoached the base metal strengthi

:.a. 89 per cent of the 70,000 --si base metal strength.

Hydrostatic bulge tests in which a disc is luaded biaxi!a -xill.
samulate the stresses found in a pressure vessel mch better than tuniaxia6.
ttensil- -4 bend snecimens. So far 20Th has not nerfo.-med better than 6061.

Tha ndiatio ist1~u rld jt,!mL :a-:=esses wil 'have to be kept aL o'ýraze
levels to ass--re reliaiity.

In stud;ing th• effect of "-rlding sp-ed on the strength of walded-
then-aged 2011-Th, we fcund that an increase in speed i•r.,ved the response
to aing in the heat affected zone just as it does in 6061-T4. A similar
effect occurred in both alloys in that sr ýeds abcv'- 15 i= did not bring
significantly greater impnrovement in R.Z hardenab1i t-v.
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1.-I *MTALLURGr" AND HEAT TREAk HThD

The 2014 alloy is of the aluminum-copper-mgnesium-silicon tjpe sm-
ploying copper aluminide (CuAl 2 ) as the primary precipitation-hardening agent.
A secondary precipitation hardener, Cu NgS SiLAl4, greatly increases the
strength attainable through artificial a mid is also responsible for the
natural aging characteristics of this cy.

The secondary alloying elements, that is, magnesium and silicon form
low melting complex eutectics with melting points of 960-980 F. These limit
thV solution heat treatment to 945 F, &bove which there is melting of the
eutectics with danger of cracking as well as permanent harm to mechanical pro-
perties, especially ductility.

Couplets re-solution of the CuAl 2 micro constituent cannot occur at
945 F so there is alvays an excess of this present. The form and distribution
of the UUAl 2 influences the ductility and toughness of the alloy. In unwelded
sheet metal the excess constituents are evenly distributed in mall more-or-
less globular shapes. After welding, these constituents exist as long strings
and films within the structure of each grain in the weld, In this condition
they tend to form continuous brittle planes of weakness. In the overheated
base metal at the edge of the weld there is likewise a grain coarsening with
formation of the brittle films.

te chen.cal composition limits fbr 201L are as follows:

Element Min __

Copper 3.9 5,0
Silicon 0.5 1.2
Iron 1.0
Manganese 0.14 1.2
Magnesium 0.20 0.80
C hr-.Ium 0.10
Zinc 0.25
7i~.aaium 0.15
Al -•i=ii" remainder

The 2014 alloy is hardenable by a precipitation heat treatment.
This is in two stens: the first, c illed solution heat treatment consists of
heatim to 940 F to dissolve the CuAl and certain other microconstituents and
then quenching rapidly in water. ThiO produces the 2014-T4 condition. The
quench is fast enough that there -'• not time for the constituents to precipl,
tate out in accordance with their decreasing solubility at lower tesperatures.
The -T4 material is stable at room temperature. The second stop of the heat
troatment is called aging (or artificiaj aging) and consists of heating the -T4
at 310 F for 10 hours. This gives the strorg -T6 condition. The strengthening
results from precipitation of submicroscopic particles of the hardeang oonati-
tiants. When heated to higher temperature "overaging" results with loss of
properties. Finally, heating to around 800 F gives gross precipitation and the
soft stable "asnealed" condition.
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IV. WELD M~ALLURGY AND~ WEWDABIL=f

Al-izn alloys mlt over a range rather than at a single tiperat-e
and the relatie difficulty of welding amV alloy can be eatimated fr•m this
ravge. An alloy is withont strength or ductility wihile it is in its mel ting
range and a broad rw*e implies a long time in which the material alongside the
weld is in a condition in which shrinkage stresses easily produce cracks. In
the table below the relatively poor position of 2014 explain. its crack sensi-
tivity, especially in manual welds which are characterized by slw speeds and
high heat inputs. The weldability rating is purely arbitrary.

A elting Range F Differenoe F Weldability Ratga

1100 1190- 1215 25 1
6061 1100 - 1204 105 2
2219 1O0) - 1180 180 2
2C1L 950 - 1180 230 4
202L 935 - 1180 245 5
7075 890 - 1180 290 6
oO3 1065 - 1170 105 (filler metal)

The second factor influencing weldability is the solidus temperature
(or bottom of the melting range). Ideally, the weld metal should solidify
after the adjacent base metal has solidified so the welding shrinkage strains
cculd be fed or filled up by the still-molten pool of weld metal. With 4043
filler on 6061, this holds true, but on 2014 there is no filler metal with so
low a solidus as 201T. The most crack-free filler for 20114 is 4 043 and its
solidus is 100 F above that of the base metal. It might appear that the weld
would b,% solid long before the base ratal mnd that cracks in the latter were
inevitable. This does not occur, only because of the continual proression of
the weld pool and the exceedingly steep thermal gradients across the weld and
base metal.

In the wrouaht base metal before it is exposed to weldinx, the excess
of CuAl and other microconstituents is evenly distributed in small mcre-or.less
globulJa shapes. Their effect, even though th3y are brittle, is not serious.
kFowever, in the process of welding, the micrmconstit.ients in the fusion zone
as- a different confluration. Theq, of cource, melt along with the ali3t-
n'm matrix in the arc path where the weld is being made. Aftor introduction of
weld filler rod, the weld solidifies in what is no longer a wrought structure
but instead Is a cast structure consisting of fine elongated grains, all
oriented in the direction of solidification of the weld pool and pointing gene-
rally toward the centerline of the weld. Nov the microoonstitawet. assum the
shape of long parallel strings a:d film within the dendritic stmeture of each
grain. In this condition a brittle con9tituent becomes more harmful because, it
coes more closely to forming a continuous plane of weakness in the Joint.

The grain size and the size of the fine dendrites within the grain can
1v lessened by welding at low heat inputs, that is, at a high welding speed.
This promotes rapid solidification of the weld pool. Grain refining additives
sLn the filler metal also c~n help. In the finer grain, znot only are tho con-
stituents less likely to form solid continuous films, but aleso being smallor,
they can be more completely dissolved in arry subsequent heat ti ,atment.
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V. EMMUPMP.2CAL POC--4JFe

Mhe material for the investigation was Ald.cad 201J1-TI sheet in 1/8inch gage. This represented the thickest material conteolatetd for use in the
inmediate futmre, le~n the -Th condition was needed, the 2•1LT6 was solution
heat treated (1 hour at 935 F and water quenched) to produce this. We""ads wereL e parallel to direction of rolling of the sheet so that" tensile bars cut fron
th-s wrould be loaded transverse to direction of rolling.

The mechanized weIding was done by the gas shielded tungsten arc
process on Airco Automatic Helir!ed equipment. Welding current was AC from a
h00 anere AC power sup-Ply having capacitors in the secondary circuit to give
a balanced wave shame. The joints were square butt with zero to 0.GIO inch
gap. The edge of the joint on backside was broken, i.e., beveled very lightly,
to improve the penetration bead and eliminate the underside centerline crevice.

M•e aning before welding consiste of a caustic dip follo•ed by nitric
=cid, then water rinse. 1_.ediately before welding, the abutting edges were
:'iled wivh a clean Vixen file to give a bright surface.

Zhe welding w.ire was 1/16 in±--h diameter tympe. h•03 (5% silicon alloy).
To insure surface clemli ss of this, a fresh stock of the Linde HQ gra-de was
used. The initials F stand for High Quality and denote 'hat it has a shavede finish of high luster and unusu-! cle-liness.

W~elds vere made in one mass usually at 20 inz, but speeds from 15 to
25 i= -ere investigated in order to determine the effect of speed on strength.
Z-e tungsten electrode was !/8 inch diaeter of 1% thoriated type.

Me velding fixture had water-cooled copper hold down and a mild
S.ee! b:cki.ng bar. "iis bar had a flat groove OLO inch dwq by 5/16 inch wide.

f
The velded panels were heat treated as necessary then cut into bend

and_ tensile .ecinem. Sa..les for hardness surveys and netallurgicall examina-
tion were also taken.

es The tensile speciens had a 0.5 inch wide by 2.5 inch long reduced
-ddth section with the --_.d crosswa.s of the specimen at the center. geld re-
inforcenent was ground flush on tensile air bend szecinens. The lattAer wre
one inch wide by 6 in s long, bent aronnd a 7- radius (1-1/h inch -ia-meterOf circle fcr 1/8 inch sanoles).

e-

it
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Tip tzbles of tensile test. results shv.- the average of three spe-
ciens; ;4- the bend test two specimens vere tested and both values are re-
corded.

The yield strength as reported is subject to error Twhen determned
on a specizemn having zones cf varying strength and ductility -ithin the two-

-= gage lengt!. upon wh,.ich ,ield is based. nen the weld is considerabOly
sa•ter t!n the base metal, it can be presumed that it is w.ell past its yield
sttrength by the ti=e the' stress reported --- the table is reached. inhere all
zones are about of the sa-e strength, this error is slight.

7Table 1 gives the properties of Alclad 201h base netal in several
heat treatents and two orientations. Table 1 g.:ves the properties of the

ded joints. 7:e same data is pres-ented in +te bar gr-h, :-Igure 1 giving
*erha.s a more rs, -idy cc~prehended picture of the strengths of the two -•ld-
ing etZhods (=echmanicza-and .aual-inert arc) and the several heat treatments.

__h •rint-a bend r-aius anY bend angle required fer satisfactory
service nerf--ance is not he-_•s. The 57 bend radius vas chosen because it i
about then ::! u to w.hich sone of the s-tronger joints could be bent. Since a
bend angle of about 25 degrees is needed to fcrm the a•Id and beat-affected
zone the =andrl, this was tentatively taken as the - acceptable
bend ngle. With those soecinm having relatively soft welds there was trcile
keeing the weld against t1 e rnL-rel so that it would not lift and take a sharp
bend radius of its oi chozsirg. To correct this, -we laid a strip of base
hetal under the snecinen tc help force it to ccnfor= dun bendi.

Assur:ig a 25 degree ang•le as the ri•-nir , practically all the spe-
cimens assed except the LA set. The ory4 high ductility bends .e-e in the
as-welded cnes.

,Me princine_! ce-°atone that igh!t be nade frc Q2 exadnation of
.--e tables and the bar graph are sturarized belcw. Certa••n of these are ela-
borated uoan ir 1 •÷r se

1) in the base =etal the transverse properties are slightly
poorer (0.5 per cent' than those taken longitudinal or length:ise of the di-
rection of rolling. All of our welds were oriented so the tensile bars were
loaded transvearsely.

2) The 204 did not perfor- nearly as efficiently as 6061 in a
eld•-and-age sequence. Joint efficency with 2014 was about 70 Der cent,

ea-ed to 100% with 6061. Since all failures were in the weld netal. -
soze honze that an i-aomvement in the weld can raise this efficier-

1'
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3) Fruly heat treated rchine velds in 201h had a tensile

stregth almost 90% of that of the base metal. 1Hoirever, the low ductility
of these gava poor results in the bend tests and bulge dapbrah m tests.
These %-o tests, especially the latter one, are a good test of the depend-
ability of the joint in an end item such as a pressure vessel.

14) 201h as cco.ared to 6061, appears to be less sensitive to
effect of welding speed on joiut strength of welded and aged -Th material.
In other -mrds, there was little imrovement as the speed was raised. Ls
will be sbown later, this is rainly a. inadequacy of the Ield metal uhich
is si=3y too weak at all speeds.

5) The .rincinal weakness in a 201h velded joint is in the
weld metal. All sazples failed in center or edge of the veld so this is
-xere development work sbhould be directed.

6) Practically all specizens passed the bend testa
a 25 degree bend aqgle to be the criterion.

TAML I

Base ?Yetal Prooerties

.125 Gage 2ML1 Alcliad Altwini

r +r _ .' " E Strerga Yield Stregth E in i

-76, as received transv 68960 61700 10

lorgi 692ho 6s13o 10

_-T6, Soln. H.T. to -Th transv 62350 36000 22

lon-i 62800 37300 21

-T6, H.T. to -Th, and transv 71630 63700 11
age to -T6

longi 72260 6000 11

i-0
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VII. ?ERF0ROCE OF MHE VI--DE-M~AIL

in this program a" tensile an- bernd failures were in the weld meta:,
either at centerline or edge, so a smur--s was x_-de of the weld.

Invariably -I 2M!L and 202_, -iediný the weld is the -eak !]

he edge-of-weld failure was more typical than the centerline one.
The fracture followed closely that interface on one side of which lay the
coarse grained overheated base metal and on the other side of which was the
-- !'d meta itself.

Scmttered porosity w--as found in cross-sect•ions of the welds even
though x-ray ticn had revealed none. , tended to be grouped near
the edge of the weld and was so .-7e: fine, o, 0.0%_ to 0.002 inch diameter,
that x-ray could not resol-e it. The edge-of-_%eld fail•ures tended to fail
th•gh this orosit. and it can Ie assuned that its elimination would raise
the weld strength a -4. per cent. It should be emphasized that the amount of
porcsity was slight. The presence of sore pcrosity in welds =ade under labor-
atory conditicns suggests that it night be even =ore troublesoe in predtcticn.
North American (Ref. 1) solved a severe porosity proble on 202h by using a
2-pass weld, during the :Mrst pass of which they. could see the porosity bubbling
to the surface. Cc--_on practice of others is to -eld in one mass unless the
thickness requires several masses.

The weld fi!1-r reto_. was tjype b,03 (5% silicon - 95% alu=in=).
Exerience of other in;--estigators with ether f.!!ers has beer 1disaoointi-.

?are al'=i= (I! 9) cracks along the welds so baly as to be ccpletely un-
useable. On rache welds, 2011 filler can be used and is about 5 per cent
stronger than 0WL33, b*t in =-A' wel!ds it cracks baaly (Ref. h).

The welds i-., our tests were ground fflush. A slight iz:pr.ovc-Ent would
be realized if the reinforcenent were left on. Zar bulge disc sazles did have
the reinforcement a-' these had Ithe 3mae edge of eld falure as did the ten-sile bars.

Effort =ight well be spent on irroving _eld properties .by searching
for a stronger alloy and by pronting finer grain size through addition of
grain refiners or by ultrasonic agitation of the poo!. So far, however, no one
has found a techniqne better than the popular one which shuns high weld strength
and instead depends upon deliberately thickenin the weld joint area so that
the stresses are low across the 3.,nt and it in turn can be left in the soft
Emd ductile conditicn. This practice ?laces no lirit on the a== of repair

'eldirg that can be done. It is very likely the most reliable wpproach. Users
hare found that !weds which are in axy ccnditiom other than as-uelded are low
in ductili# and as a result are sensitive to notches fro= defects or frob un-

Savoidable stress concentrations.
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Vn. ?PDOEIRTaS OF - wiD:) JOi C AS FEMUALED Fa HANMESS S-RVEYS

The insi-ght into 6061 alaoy welds on a similar program several years
ago was gained largely through use of hardness surveys. Hardness is closely
related to tens•le strength amd a we=_ll-made survey -ill reveal the approxinate
strength of each of the several zones associated with a weld. A tensile test,
on the other hand, dete=rr.nes the strength only of the weakest zone.

All the specimens of t.his test failed in the weld; the heat affected
zones, being stronger than the weld, had no bearing on the results. Hcwever,
should a stronger .eld =zetal be de.7eloped, these zones could become of signi-
acance in determinding the joint strength.

Several- distinct zones exist in a welded joint 4 - he.!t- treatable
aluminum alloy. These are sh-cn in Figure 2 along with a t•ypical hardness
survey. The apoite tperatures at the !--nts of the zones are given;

these are based on our -6-o-7 on £76! (aef. 6-. Features of the zones are as
follo•sC:

1) Weld or .'ision zone (12-00 F). This is a fine grained cast-
ing cc=osoed of base rmetal li2s flMer eetal. :t is heat-zreatable but not so
well" as the parent metal. *n a ma-hine-ra4-e weld it has cooled fast enough
to be in a supersaturated (-T-) condition and is -usceptible to hardni-rng by
aging.

2) Overheated zone (11900 F). in this narrow base metal zorn
the roc ._tt-_t have me!ted and agglamerated into coarse networks. This
has low ductility aid hi&g -usceptilh-!ity to stress corrosion. in =amnal welds
this zone beco wide and is the source of cracks.

3) The solutio4. zone (!!o-E.O F). This has cooled ranidly
from op• teeratures (asswdig it to be a nachine weld) and is susceptible

to aging to nearly flIll base netal strength.

-L Overaged zone (850-550 F). The cooling rate and maxi-
i-•eratu a=- e iers T-han c=- so it will not age to -fu2 !=e =etal sreng.thi
:n ýmmual welds this zone n- ta e sc _.f- as tc hate a•n-al-ed p=:=.ie-; ..
full reheat treatment ?ract&cal"- erases this wea"kness.

5) Unaffected Base Metal (below 550 F).

Hardness surveys -ere rade with the oc?-k-_ell P scale (1/i6 inch ball,
103 Kg load) and -were taken on -he cress-section of the sale rather than on
the surface. This avoided the nee- tc file off the cladding.

The use of a hardness s .e tc stat. heat effects is illustrated in
Fis-Ure 3. Th1is is for 2OiL-Th, the 2e ft curve is for the as-welded joint; the
,Ight for a velded-zand-aged one. The latter illustrates the zones described

earlier. Tensile strength is annoted at certain ocints. The softness of the

1I
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wId ntal, especially as-veldad, is wjarunt. U•on aging it does harden but
nt eomgh to match the rate of hardsaiig of the baae metal. The averaged zone
is een, in the right cvrve when it dips to B72. This is scowuhat 0ora severe
than the dip for 6061 at this speed. Thi.3 was expected since 20-14 is =ore s•n-
sitive to rate of quench then is 6061.

We consider the weld-and-age sequence, as illustrated in the preced-
ing Figure, IVotant beca-use it proved invaluable on our 6061-T, tanks.
There a fll beat treatment (quencb and age) after elwdirg was iz.ratical for
distortion reasons, but nearly -. b6 strength was obtained through agimg only
and it wax hbned that this could be duplicated with MG alloy. The effect of
various velding speeds is discussed in another section of this report.

A stud of 2031-T6 in three conditions of beat treatment after weld-
ing is shou in Figure 4. Al fi led in the weld in tensile tests at the
values noted on the curve.

The low strength of the veld metal, even -.ben aged is again evident.
A fthU1 reheat treatment of the joint (curve iC) hoever, brings the weld at
least into the icinikty. of the base metal strength. Probably the solution
heat treatnt benefits the -_ld by h~cegIT4 it nd refinIn the grain.

The center cure ndicae that the weld im nearly u strog as the
soft zone of the base metal and a slight iprovement in weld strength vight
force the fractare to occur in 1he heat affected zone.

M* fully heat-treated joint (0C) still shous sore drop in the heae-
affected zone where anoaritlly some permanent deterioration was produced in
the microconstituents -.61eding.
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IX. TH EFYSO? OF WvMDflG SPE ON JODIT SMUMS

Earlier In this renort we have mentioned the 3uccess at Bell in wvld-
in3 6061-T4 rp#dly enough t; asszre that the beat-affected zone vou-d still be
sus•optible to a" so it vould reach fall -T6 stre:th upon agi... Also, •n
the section on Tensile Resultsp it was noted that in our current eperiments on
20-144 we tried various vrelirg speeds b"t that consistent failures in the weldhid azW relationship between speed and heat-affected soe stregth. By means of
hardness wmnvs, however, we can show this relationship,

Therefore, we ran hardness iurnVn across the 2O1h-t4 joints wbich had
been velded at speeds fria 5 tbrough 25 i4 and the ertiicial3y aged. These
are shown in Figure 5. The improvmt in the £trergth of the heat-affected
zone as the speed is raised is evident. Next we converted t aidrim beet-
affected zone hardness of each curve to equi.alent tensile strength in prepera-
tion for the next Figure.

In Ylgre 6 re show three curves of tensile strergth of velded-ana-
aged alloys plotted against weldirg speed. The bottom one is the historic one(?ef. 6) for 6D619 and sInce anl those failures were in the HAZ we label it
"16061 Heat Affected Zones.' The center curve is fron our current data on ten-
sile results and since all failures wre in the weld we label it "201U vids'.
The topmost curve plots the equivaleat strengths of the haea-afected sones
foa 201h from the precediM ?Uure so it is labelled 024 hsat-affected zones'.

It is rv1dMt that an increae in weldimg speed Isro-,s the EAZ res-
ponse to agn of 20Th-Th Just as it doem 6061-T4 and m vw fbr both alloys
the rate of Improvement dixinisbie sasaply above 15 i~a -1l-in aed All
that rmidi to be dome Is to deise a weld metal that il age to hgab
s3trC3gh3 than tbe EAZ, that is, *4 a!?r 709000 psi, and then the ve6.tben-.
ge eequee an be used to advai.age on•20• -T4. It is not liky that mwh

a weld metal could be devised and if It eere it might be too unspsr•able to
be practical, Al=!-m welds stressed to 70,000 psi, when canred to those at
Ii0OD0 psi, would be far more senitive to defects such as weld bead shape,
micro-cracks, porosity, traces of ozid,, and so on.

/ 111'



E L-~~~ L-

Raw .-A

Al

so Vo

7 7-9/W .rON9 ?A/



19

29 jwwe 1962 Ll6-Y1(!:
v.A

2 014 - T&

I "-2014 '4&AT-AIeFEC7*ED

K ~~- 
20 14 W L L

*D5Ocoo

f~r-641HEAr-AFFr~creD

~ 3oooa

K EFFECT OF
z0~iwe~prvG~SPEED

507!.f4 lA.ILoVSJ I -T'4

1~0000.

/J. 20 2.1 30 35 4-0



Date M_-____. HLR 61.i1l (M'

X. STRESS CORROSION SUSCEPTYELITT

Sc metals, when under a high surface tensile stress and exposed to
a corrosive medium, are likely to crack by what is termed stress corrT nno
The crack penetrates along a very narrow path, usually following grain bolnda-
ries, and laaves little visible corrosilo, product on the surface. Cracking
can occur in relatively mild -olutions m! '- t-he rclat4i'oy short time of
several d-Vs or weeks. Gneral =urface corro:,ion or pitting may be entirely
absent vhile the material is failing b:- stress corrosion. As stated above, the
matcrial must be under tension during the test and this is usually achieved by
bowing it in a fixture.

The 2014 alloy is recognized as being susceptible to stress corrosion.
The disposition of t-; ý'L2 constituent appears to be the main factor. When
it is in large gglonemations or in continuous films it is more harmful than
• .en it is in solution or in a dispersion of fine globules. The first condi-
tion is found in material which is quenched too slovly in solution heat treat-
rent ..... • -- fro - tco high a temperature. Such conditions m=V be found in
L-rtain weld zones especcially at the edge of the weld.

In stress corrosion tests the tester must choose an environment that
he believes simuaites service conditions and he must set a criterion of accept-
able perfmmane. Our tests were merely exploratory and used a conveniently
available salt (sodium chloride) atmosphere at 100 F, 95 per cent relative
.:umidity.

The saples were 1/8 x 1 x 8 inches in size with the weld across the
center. Duplicates were claped back-to-back with a 3/L inch plastic spacer
at the center and the ends pulled together by bolts, see Figure 1. According
"- the deflection forilas .t his should give a tensile stress of 50•,00 psi on
the outer surface near the 'eld.

The first tests were with the Alciad laer intact. Attack proceeded
slowly and erratically &om the raw edges of the specimen. Therefore, on the
remainder of the tUsts the cladding warn -rouni nfr, Tho oladding '.e contiu,._,v
up to the edge of the weld, and even slightly within the bead. Probably it
could be counted on to protect clad msrfaces, but this affords no protection
for raw edges or unclad meters such as forgings.

As shown in the Table bel:-, all sables in the as-welded condition
lasted to the end of the test, 291 hours, without cracking.

All welds vhieh had been aged after welding cracked and broke. One
is shown in the photograph, vgure 7. Inadvertently, no test was made on san,-
pies faily heat treated after welding.

Thoi sples which cracked did so along the edge of the weld at the
interface of the weld nd base metal. Here the base metal has been heated to
the welding temperature - about 1100 F - and the CuAl 2 is in the coarse stringy
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condition which invites stress corrosior. These specimens had beev -e!d and
the result of this was that the matrix around the arge CuA1 2 partiales was
hardened by the precipitation of sub-microscopic particles of several conastI-
tuents including CuA1 2 . This put the grains in a sate of high interial 3trai-n
-vvi so raised the susceptibility to cracking.

The relative imnmity of the as-welded samples was partly due to
their low weld yield strength. This allowed tVui to yield plastically so that
the surface stress was probably little higher than their yield strength,, around
25.000 to 30,000 psi. These ma-!leq had a termanent set when removed 11om their
cl MP ing fixture.

Samle Condition Hours to Failure

lB -T6 weld d. aged 155

2B -T4 weld and aged 1'19

IA -T6 as welded O at 291

2A -T4 as welded OK at 291

5LA _T6 manual weld, as welded OK at 291
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